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Abstract 
As the U.S. domestic demand for fresh grapefruit and grapefruit juice trends downward, the 
export markets become more and more important for the citrus industry. Prior research suggests 
that when studying export demand relationships, exchange rates play an important role. The 
purpose of this research project was to study the relationship between exchange rates and foreign 
demand for U.S. grapefruit juice. Monthly observations for the period from 1989 to 2007 were 
used in the analysis. The seemingly unrelated regression was used to estimate the demand 
equations for grapefruit juice by major importing country/region. The results of this study 
support prior research findings. 
 
Introduction 
The motivation for this study came from analyzing production and domestic consumption 
trends for U.S. grapefruit juice for the period 1989 through 2007. The U.S. grapefruit production 
has been declining during this period, especially from 2001 to 2006. However, the domestic 
consumption for U.S. grapefruit juice has been declining at a faster rate. A weak domestic 
demand for grapefruit juice has caused grapefruit juice inventories to increase over the years, 
causing prices to decrease and reducing growers’ revenues. Recently, however, U.S. grapefruit 
production is recovering. 
A production recovery and a shrinking domestic demand make export markets important 
outlets for U.S. grapefruit juice. Although the industry has some experience in the international 
arena, there is a need for a quantitative analysis of the export markets. The focus of this study is 
the exchange rates and the export demand for U.S. grapefruit juice. Prior literature justifies the 
inclusion of the exchange rates on export demand analysis and suggests that when studying 
export demand relationships omitting the exchange rates may result in inaccurate demand 
estimations.   
 
U.S. Grapefruit Juice Production, Utilization, and Trade 
The United States (U.S.) is the world’s leading grapefruit producer. It is currently providing about 
40 percent of the total world grapefruit supply. The commercial production of grapefruit in the 
United States is geographically concentrated within four States: Florida, Texas, California and 2 
 
Arizona. Florida is the leading grapefruit producer state in the U.S., accounting for about 80 
percent of the total U.S. grapefruit production. Texas is the second major producer in the U.S.  
Although California and Arizona produce the smallest quantity of grapefruit among the major 
producers, they dominate the fresh market during the spring and summer months when Florida 
and Texas run short of supplies, playing an important role in providing a year round crop (USDA-
ERS 2005). 
U.S. grapefruit production has been declining, especially from the period 2001 through 
2006. Weak domestic demand for grapefruit and grapefruit products, severe weather conditions, 
as well as non-citrus fruit competition account for some of the major identified factors that have 
driven growers to shift production towards other agricultural commodities or even sell land out 
of agriculture. Of significant importance was the damage of Florida’s grapefruit crop by the 
2004-2005 hurricane season, which had long-lasting effects in the U.S. grapefruit production. 
Florida’s grapefruit crop has been recently recovering from the significant losses experienced 
and it is estimated to increase by 35 percent in 2006/07(USDA-FAS 2007).  
Following the utilization trends from the 1980s between 40 to 50 percent of the U.S. 
grapefruit crop is consumed fresh in the domestic and export markets, with the remainder 
processed into juice. From the early 1990’s the U.S domestic consumption of fresh grapefruit 
and grapefruit juice has followed downward trends. Several factors have contributed to this 
downward consumption trend. One of the most important factors is the increased year-round 
availability of a great variety of non-citrus fruit and fruit juices. Another factor is the increase in 
awareness and perceptions about a possible association between grapefruit and medical efficacy 
of certain medicines.  
Recognizing the downward trend on domestic demand and the recent recovery in 
production, the industry has begun to rely more on its export markets. While in the seventies and 
early eighties about one-quarter of the U.S. fresh grapefruit were exported, by the late eighties 
the exports share increased to 40 percent annually.  The major export markets for the U.S 
grapefruit and grapefruit products are Japan, European Union (EU) and Canada. France is one of 
the major importers of U.S. grapefruit juice within the EU. The Netherlands is also a major 
market for U.S. grapefruit juice exports. However, a large portion of the volume of exports in 
Netherlands is for redistribution in the European Union. Shipments to Japan account for about 
half of all exports, the EU accounts for about one-quarter (USDA-ERS 2005). 3 
 
Table I. shows the volume U.S. grapefruit juice exports for the period 1989 to 2007, by 
major importing country/region. The quantity of grapefruit juice exports increased from about 16 
million single-strength equivalent (SSE) gallons in 1989 to over 42 million SSE gallons in 2004, 
representing a 167% increase from the 1989 level. In 2005, the volume of exports totaled less 
than 20 million SSE gallons, a 52% decrease from the 2004 level, reflecting the impact of the 
2004-2005 hurricane season. The volume of exports in 2006 continued to decrease by about 4% 
compared to the 2005 level. Note that the values associated with the year 2007 only reflect the 
exports of four months January through April. The value of exports also increased from $36 
million in 1989 to $70 million in 2004 and then decreased $50 million in 2005-2006. The 
average price of grapefruit juice increased from $2.28 to 2.83 during the same period.  
 
Table I. Historical Grapefruit Juice Exports by Country/Region of Destination. 
 
   U.S. Grapefruit Exports by Destination      Total Exports
 
   Canada  Japan  Europe




1989  2.940  7.559  3.379  2.118    15.996   36.454  2.28 
1990  4.633  6.814  3.681  1.205    16.332   42.172  2.58 
1991  4.506  5.668  4.704  1.884    16.763   39.803  2.37 
1992  4.637  11.089  5.578  2.069    23.373   57.470  2.46 
1993  3.867  7.537  7.115  2.928    21.447   52.232  2.44 
1994  2.385  5.210  6.519  4.398    18.512   56.464  3.05 
1995  2.765  4.905  9.269  4.569    21.507   59.501  2.77 
1996  3.088  6.425  10.001  4.229    23.742   61.271  2.58 
1997  2.752  4.947  11.647  2.239    21.586   55.832  2.59 
1998  2.426  3.184  10.200  1.459    17.269   44.250  2.56 
1999  2.680  5.552  16.034  1.936    26.203   55.003  2.10 
2000  3.091  11.347  18.775  2.741    35.954   78.408  2.18 
2001  2.962  10.125  21.911  1.798    36.796   70.861  1.93 
2002  3.379  10.972  21.221  1.359    36.932   73.625  1.99 
2003  3.143  13.386  22.067  2.683    41.279   74.001  1.79 
2004  3.702  18.017  19.206  1.801    42.726   70.163  1.64 
2005  3.226  7.207  7.098  2.107    19.639   48.444  2.47 
2006  2.816  4.264  10.447  1.357    18.884   53.491  2.83 
2007
e  0.756  1.919  3.147  0.363     6.185   20.321  3.29 
Source:  
a Measured in million Single-Strength-Equivalent (SSE) gallons. 
bF.A.S values measured in million dollars. 
cF.A.S. price measured in U.S. dollars per gallon. 
dEurope is defined as the region of EU-15 countries. 
eThe exports in 2007 only include months January through April. 
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Each major importer sets a different trend in the imported volume of U.S. grapefruit juice 
exports for the period 1989 though 2007. Canada’s imports fluctuate over time with a downward 
trend towards the late 1990’s and level off in 2000-2006.  Japan’s imports, on the other hand, do 
not exhibit a clear trend. European imports for U.S. grapefruit juice have also fluctuated over 
time; however, they set an upward trend. 
 
Exchange Rates and Trade of U.S. Agricultural Commodities 
The issue of the importance of exchange rates on U.S. agriculture became relevant when the 
United States abandoned the Bretton Woods agreement on relative fixity of exchange rates in 
1973. Since then, it has been raised among agricultural economists quite frequently.  
Schuh wrote the classic modern article on exchange rate impacts on U.S. agriculture in 
1974. He argued that the exchange rate has been an important omitted variable in the past 
interpretations of U.S. agricultural development and trade problems. It is also an important 
variable affecting both the rate of adoption of new technologies and the distribution of benefits 
from technical change in the U.S. and the world. He concluded that the exchange rate is not the 
only factor, however, an adequate understanding of the performance of the agricultural sector 
needs a more ample consideration of the exchange rate. 
Chambers and Just (1981) studied the dynamic effects of the exchange rate changes on U.S. 
agricultural commodity markets with an application to wheat, corn and soybean markets. They 
found exports and agricultural prices to be sensitive to movements in exchange rates, while the 
domestic factors, such as inventories, less sensitive but still responsive.  
Lee and Fairchild (1988) studied the effect of exchange rates on the fresh grapefruit foreign 
demand for the period 1972 through 1986. From their analysis it was concluded that (1) when 
studying export demand relationships, exchange rates play an important role and the deletion 
of exchange rates from the analysis may result in inaccurate parameter estimates; and (2) U.S. 
fresh grapefruit has more than one export market with different markets responding differently 
to price changes.  
  Arize, Osang, and Slottje (2000) studied the impact of real exchange rate volatility on the 
export flows with respect to 13 less developed countries (LDC) over the period 1973-1996. Their 
results suggested that there is a negative and significant long-run relationship between export 
flows and exchange rate volatility in each of the 13 LDC’s. Therefore, the exchange rate 
volatility considerations are important for modeling export behavior in LDC’s as well as the 
design and implementation of trade and exchange rate policies in LDC’s.   5 
 
Orden (2002) re-examined the question of exchange rate effects on agriculture raised by 
Schuh in 1974.  He analyzed and presented some recent empirical findings of exchange rate 
effects and concluded that the exchange rate has taken on importance for agriculture. 
In summary, the exchange rate has been an important economic variable previously 
omitted from the analysis of the U.S. agricultural development and trade. The studies presented 
above suggest that including exchange rates in the analysis is of importance for both the 
modeling of export behavior and the design and implementation of trade policies.  
 
Grapefruit Juice Export Demand 
Prior studies of export demand for agricultural products have followed the format of 
domestic demand studies by treating the export market as a single market rather than a group of 
markets. This approach simplifies the analysis, but ignores cultural, demographic, and economic 
differences among countries that make each country a unique market (Lee and Fairchild 1988). 
This study follows closely the study of Lee and Fairchild (1988) on U.S. fresh grapefruit export 
demand, and attempts to segment to some degree the export markets for U.S. grapefruit juice in 
order to account for differences in these markets due to fluctuations in exchange rates.  
Demand theory indentifies price of the grapefruit juice as the main explanatory variable, 
and incomes, tastes and preferences, prices of related products (substitutes and complements) as 
demand shifters. In particular, the aggregated demand for U.S. grapefruit juice by a particular 
country depends on the price charged by U.S. exporters, a composite price for all other goods to 
the consumer, consumer’s income and country’s population. Besides the above-mentioned 
factors, this study attempts to utilize exchange rates as an explanatory variable and analyze the 
effects of exchange rate fluctuations in the demand of importing country.  
 




where subscript i and t refer to the ith country and the tth year; Q is the total quantity demanded 
for the U.S. grapefruit juice,   is the nominal price in U.S. dollars for U.S. grapefruit juice,   
is total expenditure or income of all consumers,   are prices of other goods available in 
country i ,    is the population of country i,  is the exchange rate ( the number of units of 6 
 
foreign currency per U.S. dollar ),   is a variable accounting for the seasonality, and T is a time 
trend variable to account for structural changes over time.  
 The exchange rate is an important economic variable that influences the sale and 
purchase of agricultural commodities that are internationally and domestically traded.  A 
stronger dollar translates into relatively more expensive U.S. exports in a foreign country. It 
reduces the cost of imports in the U.S. resulting in lower consumer prices, but higher competition 
for producers of import-competing commodities. A weaker dollar, on the other hand, translates 
into an increase in the volume of exports and higher producer prices as well as a decrease in the 
volume of imports and higher consumer prices. For instance a country that has experienced 
currency depreciation will face a higher price for imports even if the price quoted by the 
exporting country has not changed (ignoring transportation costs). The currency depreciation will 
then have a direct effect on the demand for imported products as it will be a perceived as a “price 
increase”. 
  Table II. shows the historical annual average exchange rates for the countries/regions of 
interest for the period 1989 to 2007. The French Franc was used as representative of the 
exchange rates for the group of European Union countries as France is one of the major 
importers of U.S. grapefruit juice in the European Union. Even though Israel is the world’ 
second largest grapefruit supplier, it is also a major importing country for U.S. grapefruit juice 
during the period of interest, therefore, Israel’s currency (Shqalim) was selected as representative 
for the ROW region.  
  Canadian currency has depreciated especially from 1992 to 2002 and has appreciated 
from 2003 to 2007. The Japanese currency has slightly fluctuated but mainly appreciated through 
the entire period. French Franc has appreciated form 1989 though 2000, depreciated from 2000 
to 2002, time that correspond to the adoption of the Euro currency in the European Union, and 
appreciated form 2002 to 2007. Israeli’s currency has depreciated almost the entire period, but 






Table II. Historical Exchange Rates- Foreign Currency per U.S. Dollar. 
   Canada  Japan  France  Israel 
   Exchange Rates 
1989  1.1840  137.96  6.3728  1.9164 
1990  1.1668  144.79  5.4441  2.0162 
1991  1.1457  134.71  5.6414  2.2791 
1992  1.2087  126.65  5.2965  2.4591 
1993  1.2901  111.20  5.6617  2.8301 
1994  1.3656  102.21  5.5473  3.0111 
1995  1.3724  94.06  4.9884  3.0113 
1996  1.3635  108.78  5.1146  3.1917 
1997  1.3846  120.99  5.8342  3.4494 
1998  1.4835  130.91  5.8978  3.8001 
1999  1.4857  113.91  6.1574  4.1397 
2000  1.4851  107.77  7.1185  4.0773 
2001  1.5488  121.53  7.3317  4.2057 
2002  1.5693  125.39  6.9618  4.7378 
2003  1.4011  115.94  5.8074  4.5541 
2004  1.3010  108.19  5.2794  4.4820 
2005  1.2118  110.22  5.2789  4.4877 
2006  1.1344  116.30  5.2273  4.4558 
2007  1.1621  119.30  4.9678  4.1789 
  Exchange Rate Index, 1989=100 
1989  100  100  100  100 
1990  99  105  85  105 
1991  97  98  89  119 
1992  102  92  83  128 
1993  109  81  89  148 
1994  115  74  87  157 
1995  116  68  78  157 
1996  115  79  80  167 
1997  117  88  92  180 
1998  125  95  93  198 
1999  125  83  97  216 
2000  125  78  112  213 
2001  131  88  115  219 
2002  133  91  109  247 
2003  118  84  91  238 
2004  110  78  83  234 
2005  102  80  83  234 
2006  96  84  82  233 
2007  98  86  78  218 
Source: ERS/USDA Data 8 
 
Analysis and Results 
For the purpose of this study the data was aggregated into four major importing regions: 
Canada, Japan, Europe (EU-15), and ROW. The Europe region includes the fifteen countries in 
the European Union prior to the 2004 expansion, and the ROW region includes all the U.S. 
grapefruit juice importers besides Canada, Japan and EU-15. 
Since the data set used for this study had no information directly available on prices of 
other goods, and income estimates for different countries, the model specified in the previous 
section was simplified to employ the information available in the data set. The demand model 
took the form: 
 
where subscript i and t refer to the ith country and the tth month; Q is the total quantity 
demanded for the U.S. grapefruit juice,   is the nominal price in U.S. dollars for U.S. 
grapefruit juice,   is the exchange rate (the number of units of foreign currency per U.S. 
dollar),    gives the grapefruit juice price in foreign currency,   is a variable 
accounting for the seasonality, and T is a time trend variable to account for structural changes 
over time.  
Table III. Descriptive Statistics of the Variables.  
   Canada     Japan     Europe     ROW 
Quantity Exported               
Mean  271,609    664,215    963,637    196,563 
Standard Deviation  83,139    472,820    805,559    137,433 
               
Value of Exports               
Mean  976,713    1,584,404    1,774,429    436,121 
Standard Deviation  232,774    890,608    1,143,494    263,256 
               
Price of GJ in U.S. Dollars               
Mean  3.757    2.696    2.117    2.455 
Standard Deviation  0.921    0.847    0.771    0.906 
               
Exchange Rate               
Mean  1.336    118.433    5.815    3.518 
Standard Deviation  0.142    13.731    0.726    0.921 
               
Price of Exports in Foreign Currency               
Mean  5.100    316.810    12.129    8.851 
Standard Deviation  1.580    93.455    3.900    4.801 
                      9 
 
 
Table III. shows descriptive statistics for the variables used in the specified model. The 
mean values for each of the variables should be interpreted on a per month basis since the model 
was estimated using monthly data rather than yearly data. Canada imports on average about 
272,000 SSE gallons of U.S. grapefruit juice a month. Japan and Europe import about 664,000 
SSE gallons and 964,000 SSE gallons a month, respectively. The value of U.S. grapefruit juice 
exports varies from about $1.7 million per month for Europe to about $980,000 per month for 
Canada. The average monthly price of U.S. grapefruit juice lies within the range of $3.76 per 
gallon (Canada) to $2.12 per gallon (Europe). The average monthly price of U.S. grapefruit juice 
in foreign currency for Canada is 5.1 Canadian dollars per SSE gallon, for Japan is 316.81 
Japanese Yen per SSE gallon, for France is 12.13 French Francs per SSE gallon, and for Israel is 
8.85 Israel Shqalim per SSE gallon. 
To accommodate the nonlinear relationship between the volume of exports and the price 
of U.S. grapefruit juice, a double logarithmic model was used. In order to estimate grapefruit 
juice demand equations by major importing country, the seemingly unrelated regression 
technique was used, since model disturbance terms from the different demand equations were 
expected to be correlated because the demand relationships were measured at common points of 
time. The seemingly unrelated regression (SUR) model consists of a number of regression 
equations, each of which satisfies the assumptions of the standard linear regression model. If 
each equation is estimated separately and independently, disregarding the information about the 
mutual correlation of the disturbances, the estimators of the regression coefficient are unbiased 
and consistent, however, the efficiency of the estimators becomes questionable. The SUR model 
estimates the system of equations simultaneously by applying Aitken’s generalized least squares 
procedure (Zellner 1962). 
Monthly observations for the period from January 1989 through April 2007 were used in 
the study.  Two sets of equations were estimated using the SUR technique for comparison 
purposes; one set that adjusted for exchange rates and the other that did not adjust for exchange 







Table IV. SUR Estimates for U.S. Grapefruit Juice Export Demand, Jan-1989 - Apr. 2007. 
   Adjusted for Exchange Rate     Not Adjusted for Exchange Rate 
   Estimate     Standard Error     Estimate     Standard Error 
  Canada 
Intercept  13.2115    0.0759    13.2785    0.0797 
Price  -0.4779    0.0519    -0.6432    0.0673 
Trend  0.0001    0.0003    0.0002    0.0003 
  Japan 
Intercept  22.5543    0.8341    14.7373    0.1739 
Price  -1.5938    0.1389    -1.4971    0.1362 
Trend  -0.0028    0.0007    -0.0016    0.0007 
  Europe 
Intercept  15.1363    0.3382    13.6401    0.1112 
Price  -0.9578    0.1334    -1.1909    0.1163 
Trend  0.0062    0.0006    0.0061    0.0006 
  ROW 
Intercept  13.5886    0.2135    12.9506    0.118 
Price  -0.9741    0.1381    -1.1026    0.1314 
 Trend  0.0037     0.0010     -0.0003     0.0006 
 
  The estimated parameters conform to the theoretical expectations in terms of signs, 
magnitude, and standard errors. Since the functional form used for this study was a double 
logarithmic function, the estimates for the price coefficient give, in fact, the price elasticity of 
export demand for U.S. grapefruit juice. The results from the model adjusted for exchange rates 
show that increasing the price of U.S. grapefruit juice by 1% would result in a decrease in the 
import demand by 0.47%, 1.59%, and 0.96% in Canada, Japan and Europe, respectively. The 
price elasticities estimated for the model adjusted for exchange rates are -0.4779 for Canada, -
1.5938 for Japan, and -0.9578 for Europe. The model not adjusted for exchange rates gives 
elasticity estimates of -0.6432, -1.4971, and 1.1909 for Canada, Japan, and Europe, respectively. 
The price elasticity estimate for the ROW equation is statistically significant, but not informative 
because of the diversity in countries included in this region.   
    Both models identify Japan and Europe as more price responsive than Canada. A possible 
explanation for these results is the geographical location of these markets relative to the supply 
source. Canada borders the U.S. and it is located far from other supply sources, while Europe is 
located closer to Israel (the world’s largest grapefruit supplier) and Japan is located almost in the 
center of three major grapefruit suppliers, the U.S., Australia and Israel.  11 
 
  The trend estimates show a positive importing trend for Canada and Europe, but a 
negative importing trend for Japan over the 1989 through 2007 period. However, the magnitude 
of the trend estimates is very small and in the case of Canada it is not statistically significant.  
  The observed differences in price elasticity estimates and their standard errors among the 
demand models adjusting and not adjusting for exchange rates support prior research findings 
that the exclusion of the exchange rates from the analysis of the export demand may result in 
inaccurate parameter estimates.  It may also lead to inaccurate conclusions about the nature of 
the market and the degree of price responsiveness.  
The results also characterize each region defined as a separate market. Since each market 
is characterized by different demand elasticities and trends it is expected that they will respond 
differently to price changes or other promotional efforts. U.S. grapefruit industry can compete in 
international markets on the basis of price and product characteristics. For instance, if the export 
demand for the U.S. grapefruit juice for a country is price elastic, then price competition should 
be used to increase the market share in such market; however, if the export demand for U.S. 
grapefruit juice for a country is relatively price inelastic, then products characteristics should be 
used instead.  This result is important because it provides insights towards possible ways to make 
the U.S. grapefruit industry more competitive in international markets. 
 
Conclusions 
The results of this study support prior research findings on the importance of identifying 
and analyzing the effect of the exchange rates on the trade of agricultural commodities. Omitting 
the exchange rates from the export demand analysis may lead to inaccurate parameter estimates 
as well as inaccurate conclusions regarding the nature of the market and the degree of price 
responsiveness of such markets. 
Recognizing its shortcomings in terms of data availability and model specification, this 
study aimed to provide a better understanding of the export market demand for U.S. grapefruit 
juice. Since the U.S. citrus industry is seeking to gain larger access in export markets, one 
important result was that there exist different identifiable export markets for which different 
price and promotion strategies can be practiced. For instance, knowing the degree of price 
responsiveness of a market would help the industry identify whether it needs to compete on the 
basis of price or product characteristics.  12 
 
A better understanding of the export markets for U.S. grapefruit juice also benefits the 
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